To determine the economic and humanistic burden of neovascular age-related macular degeneration (nAMD) in a cohort of patients treated with anti-VEGF in Europe and the US. Patients & methods: 79 respondents from the EU and 63 from the US with a self-reported diagnosis of nAMD and in current receipt of treatment, as reported in an international, general population survey, were compared with non-nAMD controls. Results: Anti-VEGF-treated nAMD patients in the EU had a greater utilization of healthcare resources, poorer quality of life and greater overall activity impairment versus non-nAMD controls. In the US cohort, treated nAMD patients had significantly greater resource utilization for ophthalmologist visits only. Conclusion: The burden of care associated with nAMD on EU and US healthcare systems, and on patients who are in receipt of nAMD therapy, is significant and likely to be unsustainable.
Much of the evidence relating to the burden of nAMD on patients and health resources was published prior to advent of anti-VEGF therapy. This retrospective, cross-sectional study was designed to determine the humanistic and economic burden of illness of patients in receipt of current available therapies.
Patients & methods
The primary objective of this retrospective, cross-sectional analysis was to estimate the burden of illness associated with nAMD in patients who reported receiving treatment for the disease in terms of health-resource use through matched comparison with adults without nAMD, as reported in the National Health and Wellbeing Survey (NHWS). Secondary objectives included an estimation of illness burden associated with nAMD in terms of HRQoL, activity impairment and health status through matched comparison with adults without nAMD.
The NHWS from Kantar Health is the largest international self-reported patient outcomes study in the healthcare industry. The database provides disease-specific measures, including the experience, diagnosis, and treatment of nAMD. To maximize sample size for patients with nAMD in the EU5, we combined 2010, 2011 and 2013 NHWS datasets (the nAMD module was not included in the 2012 survey, hence data were unavailable for analysis) and used the US 2015 dataset. At the time the study was conducted, the most recently available data were used to provide a reasonable sample size in order to detect an increase in healthcare resource use.
A total of 79 respondents from the EU5 countries and 63 from the US, aged 50 years or older, who reported having AMD, received a diagnosis of nAMD and who were treated therapeutically for nAMD were included in our final analysis. Propensity matching (1-to-4 ratio of treated nAMD patients to non-AMD patients) was used to construct a comparison group of respondents without nAMD. The baseline characteristics of those non-nAMD controls are presented in Table 1 . The matching process was based on results of the bivariate comparisons between treated nAMD and non-AMD groups, whereby statistically significant (p < 0.100) variables were included in the logistic model used to create propensity scores. Variables included in the matching process were country, year of survey, age, sex, possession of private health insurance and an indicator of socioeconomic status. A greedy matching algorithm was then applied to the resultant propensity scores to create the match. A post-match assessment was conducted. Any differences that remained statistically significant after matching were controlled for in subsequent regression analysis (i.e., doubly robust matching). Adjustment using multivariate analysis was only required for the EU cohort due to residual confounding that remained and identified using standardized mean differences for covariates >0.2.
Healthcare resources utilization was assessed in the NHWS as all-cause healthcare provider (HCP) visits, ophthalmologist visits, emergency room (ER) visits and hospitalizations in the past 6 months. HRQoL was assessed using the Medical Outcomes Study Short Form Survey Instrument 12-Item (SF-12v2) or 36-Item v2 (SF-32v2), which provides the same metrics [14] . This is a multipurpose, generic HRQoL instrument with two calculated summary scores: the physical component score (PCS) an index of overall physical functioning, and the mental component summary score, an index of overall mental functioning. The PCS and mental component summary scores have a mean of 50 and a standard deviation of ten for the US population. Scores can be interpreted relative to this population average of 50 as well as with other comparison groups of interest. Higher scores indicate better quality of life. This scale also generated the SF-6D score, a health state utility index. This index has interval scoring properties and yields summary scores on a theoretical 0-1 scale with higher scores indicating better quality of life.
Activity impairment was assessed using the Work Productivity and Activity Impairment (WPAI-GH) questionnaire, a six-item validated instrument [15] . Since most of the patients are not employed, the focus of this scale is on activity impairment which measures the percentage of impairment in daily activities because of one's health in the past 7 days.
Self-report of anxiety was identified as respondents having experienced one of more of the following anxieties in the preceding 12 months: anxiety, general anxiety disorder, panic disorder, phobia, post-traumatic stress and obsessive-compulsive disorder. Self-reported depression was defined as experienced depression in the previous 12 months. Self-reported sleep problems was defined as respondents who experienced either insomnia or sleep difficulties in the previous 12 months.
Analyses were performed in Statistical Package for the Social Sciences version 22. Outcome variables included health status questions for healthcare resource use, physical and mental health status, work productivity and psychological complaints (anxiety, depression and sleep difficulties). Demographic and patient characteristic differences between those being treated for nAMD and those without nAMD were examined. For categorical variables, chi-square tests were used to determine significant differences, while t-tests were used for continuous variables. Generalized linear mixed models taking the matched structure of the data into account were used to assess the association between presence of nAMD and work and health outcomes. Covariates included patient characteristics such as demographics (e.g., age, gender, race [US only] and employment status), general health characteristics and the Charlson comorbidity index [16] .
Results
A total of 167,631 subjects completed the NHWS in the EU5, while 97,700 subjects completed the survey in the US. After applying the exclusion criteria, 79 subjects and 63 subjects from the EU5 and the US, respectively, were eligible for inclusion in the analysis. Subject flow charts for the EU5 and the US are presented in Figures 1 and 2 , respectively. The survey is cross-sectional and therefore each question reflects a snapshot of the nAMD patient at a specific point in time. All nAMD respondents received a diagnosis of nAMD and were therapeutically treated at the time of the survey. Data for length of diagnosis were available for only 40% of EU patients and 100% of US patients, with an average length of diagnosis of 8.5 ± 8.6 years or 5.2 ± 6.2 years for EU and US patients, respectively.
Baseline demographics for those in the EU5 cohort and in the US cohort are presented in Table 1 . 
EU5

Healthcare resource utilization
In adjusted models of the EU5 cohort, healthcare resource use varied between groups. A greater number of nAMD patients reported visiting any HCP in the previous 6 months (99%; 95% CI: 93-100%) compared with controls (92%; CI: 87-95%; p = 0.001). A greater number of nAMD patients reported visiting an ophthalmologist in the previous 6 months (75%; 95% CI: 64-84%) compared with controls (22%; 95% CI: 17-28%; p = 0.000). The average number of visits in the previous 6 months were greater for nAMD patients than their non-nAMD matched controls for HCP visits (14.80 versus 6.28; p = 0.000), ophthalmologist visits (2.77 versus 0.33; p = 0.000), hospitalizations (0.48 versus 0.18; p = 0.004) and ER visits (0.62 versus 0.26; p = 0.007). 
Health-related quality of life
Health status
Health status parameters were comparable between groups. The percentage of patients experiencing anxiety was 15% in both groups (p = 0.988). The percentage of patients experiencing depression in the nAMD group versus the control group was 8 versus 12% (p = 0.352). The percentage of patients experiencing sleep problems in the nAMD group versus the control group was 24 versus 32% (p = 0.190).
US
Healthcare resource utilization
In the US cohort, no differences were observed between groups with respect to the percentage of patients visiting any HCP in the previous 6 months: 100% nAMD versus 96.4% for controls (p = 0.128). There was a significant difference in the percentage of patients who visited their ophthalmologist in the previous 6 months (49.2% for nAMD patients compared with 25.8% for controls in the 6 months previously [p = 0.000]). The average number of HCP visits in the previous 6 months were comparable between both groups (7.46 visits for nAMD patients versus 6.19 for non-nAMD matched controls; p = 0.153). The average number of ophthalmologist visits in the previous 6 months were greater for nAMD patients than their non-nAMD matched controls (1.67 versus 0.33; p = 0.000).
Health-related quality of life
No group differences were observed in PCS scores between nAMD subjects and controls (45.51 versus 45.65, respectively; p = 0.925). Similarly, health utility scores (SF-6D) were comparable between both groups (0.74 versus 0.72; p = 0.465).
Health status parameters were comparable between groups. The percentage of patients experiencing anxiety in the nAMD group versus the control group was 26% versus 19% (p = 0.265). The percentage of patients experiencing depression in the nAMD group versus the control group was 18 versus 19% (p = 0.768). The percentage of patients experiencing sleep problems in the nAMD group versus the control group was 29 versus 30% (p = 0.902).
Discussion
This study was designed to examine the economic and humanistic burden of disease in nAMD in a patient population where the predominant treatment was anti-VEGF therapy, and to determine if differences exist in disease burden between patients in the EU and the US. In brief, we report that nAMD patients in the EU utilize healthcare resources to a greater extent than non-nAMD patients, which is reflected in a greater number of HCP visits, ER visits, hospitalizations and ophthalmologist visits. EU nAMD patients also reported poorer quality of life compared with non-nAMD patients, manifesting in lower PCS scores, health utility scores and impaired overall activity. EU nAMD patients also had greater overall activity impairment compared with their matched controls. In the US cohort, we report that nAMD patients had significantly greater healthcare resource utilization for ophthalmologist visits only. Of note, no differences were found between US nAMD patients and their matched controls with respect to any HRQoL measures, activity impairment measures or overall health status. Since most of the patients were unemployed, work productivity was not assessed. To our knowledge, this is the first study to compare and contrast the illness burden of nAMD on patients versus non-nAMD controls since the advent of anti-VEGF therapy as the standard of care. Our results suggest that in the EU5, nAMD patients place a significant demand on health resources. This is unsurprising as the number of nAMD patients continues to grow in parallel with the aging population [3] . In the US, the impact on health resource use appears to primarily affect ophthalmologists, but not other health resources, in other words, hospitalizations, ER visits and HCP visits.
The quality of life of nAMD patients in the EU5 is also affected by their disease. They tend to be less physically able than non-nAMD patients, as reflected in lower PCS scores. This finding is consistent with previous studies in EU populations, [17, 18] where nAMD and its associated vision loss significantly lessens the patients quality of life. Interestingly, HRQoL appeared to be unaffected between those with and without nAMD in the US population. This unexpected finding may be attributable to the lower mean age of nAMD patients who completed the NHWS survey. The mean patient age was 69 years, which is a relatively young and may not represent the typical nAMD patient, who, on average, would be approximately 10 years older and have additional comorbidities [19] .
In the interpretation of these findings, it is important to acknowledge the study limitations. First, both the EU and the US sample size were small and composed of relatively young nAMD patients, potentially impacting the representativeness and generalizability of the findings to the typical nAMD population. Furthermore, the data collection methodology was based on patient recall and therefore open to recall bias, for example, healthcare utilization data based on recall from the previous 6 months. Furthermore, the data were collected via an online survey. Therefore, no data were collected relating to visual acuity or ocular comorbidities which may have influenced the frequency of visits to their ophthalmologist. Furthermore, those with poorer VA may not be captured as severity of visual impairment may impact their ability to complete the survey. Although matching and regression adjustment addressed confounders of measured variables, analytical groups (those with and without nAMD) may differ on unmeasured variables, potentially biasing the results. It should also be noted that healthcare systems/reimbursement across the EU varies widely and we were unable to control for this in our analysis. Finally, no formal comparison was conducted between the EU and the US cohorts preventing any meaningful comment on the apparent differences observed in the disease burden between these two populations.
Conclusion
These results suggest that nAMD results in a broad treatment burden on patients and healthcare providers. For the EU in particular, nAMD patients appear to place a significant demand on health resources. Future therapies should focus on reducing the treatment burden of regular intravitreal injections while maintaining high standards of efficacy and safety. In doing so, it may be possible to lessen the treatment burden of nAMD on healthcare systems.
